Introduction
Loudness plays an important role in the expression of musical performance. It is well known that L Aeq,T (Equivalent Continuous A-weighted Sound Pressure Level) is a good index of the loudness of temporally varying sounds in the environment [1] [2] [3] . A-weighting is a good approximation of the frequency characteristics of our hearing when the sounds have wide frequency components. However, A-weighting does not always show good correspondence with the loudness of sounds that have prominent frequency components [4] . Zwicker proposed the method for calculating loudness level [5] and his method was standardized as ISO 532B [6] . Loudness level calculated with this method shows good correspondence with the loudness of various complex sounds [4] . In ISO 532B, 1/3 octave band standardized in IEC was adopted instead of critical band so that it can be easily used. The adoption of 1/3 octave band may have little effects in the case of environmental noises that have continuous wide frequency components.
Recently, Moore et al. [7] proposed the revised method for calculating loudness level and this method has been standardized in ANSI S3.4 [8] . This method was designed so that sounds with discrete frequency components can be accurately processed as well as sounds with wide frequency components. It is now being examined in ISO/TC43/WG9 whether and/or how ISO 532 should be revised.
More important problem in the methods for calculating loudness level is how to apply these methods to temporally varying sounds since most of the sounds in daily life environment are temporally varying such as music, speech and traffic noise, and both ISO532 and ANSI S3.4 can be used only for steady state sounds. Though Glasberg and Moore [9] proposed a model of loudness applicable to time-varying sounds, no example is shown to apply the model to daily life sounds of long duration. In our former paper [4] it was proposed to use the mean energy level of each 1/3 octave band as a representative of the level fluctuation and it was found that the loudness level calculated on the basis of the mean energy level showed good correspondence with loudness of temporally varying sounds. This method was found to be applicable to the method of ANSI S3.4 in the case of environmental sounds that have continuous broad band frequency components [10, 11] . However, it is not yet examined whether the same method can be applied to the sounds that include line spectra.
In this study, application of loudness level to temporally varying sounds was investigated using sounds of musical performance that include line spectra.
Experiment

Stimulus
Twenty-six kinds of sound were used as stimuli. They are listed in Table 1 
Procedure
Twenty-six sounds were presented in random order and the participants were asked to judge the loudness of each sound using magnitude estimation. That is, they were asked to judge the loudness by assigning any positive number that reflects their impression of loudness. Two trials were conducted after training.
Equipment
The sounds were reproduced with a DAT recorder (Panasonic SV-DA10) and presented to both ears of the participants through an amplifier (STAX SMR-3) and headphones (STAX LAMBDA Nova). The experiment was conducted in a studio in Toho Gakuen College of Drama and Music.
Physical measurement
The sounds reproduced through headphones were recorded on a DAT tape using a microphone (Rion UC92) set at the position of the entrance of auditory canal of a dummy head (Cortex MK1). The recorded sounds were used for the calculation and/or measurement of L Aeq , L Peq , LLz and LLm.
Participants
Six females and five males aged between 21 and 49 with normal hearing ability participated in the experiment.
Results and discussion
Reliability of the judgment
The coefficient of correlation between two trials of each participant was calculated. It is shown in Table 2 . The coefficient of correlation of each participant is statistically significant and the judgments of all the participants can be admitted as reliable. Therefore, the geometric mean of the two trials of 11 participants was used for the further analyses. 3.2. Relation between loudness judgment and physical metrics Relation between loudness judgment and L Peq (the mean energy level without frequency weighting), L Aeq , loudness level based on ISO532B (abbreviated as LLz) and loudness level based on ANSI S3.4 (abbreviated as LLm) was examined. LLz and LLm were calculated using the softwares proposed by Zwicker et al. [12] and Glasberg and Moore [8, 13] , respectively.
The sounds used in this experiment are temporally varying. The software proposed by Glasberg and Moore [13] can be applied to the sound with line spectra and music consists of line spectra. However, it is difficult to calculate LLm on the basis of line spectra in the case of continuously varying sounds as used in this experiment. Therefore, for the practical application of LLz and LLm to these temporally varying sounds, the mean energy level of each 1/3 octave band was used as a representative value of temporal variation in the calculation of both LLz and LLm.
In the model of Glasberg and Moore [11] , they proposed ERB (Equivalent Rectangular Bandwidth) instead of critical band. However, in the software they have provided 1/3 octave band level can be used for the input of the data and the loudness level proposed by them can be calculated on the basis of 1/3 octave band level. As suggested by the fact that 1/3 octave band is used in ISO532B instead of critical band, 1/3 octave band level can be easily measured since it is standardized in IEC.
The sounds were analyzed for each 1/3 octave band using a 1/3 octave band filter (B&K 2133) and the output levels were measured every 125 ms. The mean energy level of each 1/3 octave band was calculated on the basis of the sound pressure level of every 125 ms.
The relations between loudness judgment and each physical metric are shown in Figs. 1 to 4 . The vertical line in Figs. 1 to 4 indicates the logarithmic values of the geometric mean of 22 loudness judgments.
Generally speaking, high correlation was found between loudness judgments and the four physical metrics when the mean energy level is used for averaging temporal variation. When the four metrics are compared, both LLz and LLm showed higher correlation with loudness judgment than L Peq and L Aeq . There are statistically significant difference in the coefficient of correlation between LLz and L Peq (p < 0:05), LLz and L Aeq (p < 0:05), and LLm and L Aeq (p < 0:05). This suggests that LLz and LLm are better metrics than no frequency weighting or A-weighting in the case of the loudness of musical performance. When LLz and LLm are compared, there is no statistically significant difference in the coefficient of correlation with loudness judgment between them though LLm shows louder estimation than LLz. It is noteworthy that even individual data show high correlation with LLz and LLm as shown in Table 3 . These results suggest that the mean energy level is a good representative of the temporal variation of the sounds with line spectra as well as the sounds with broad band components.
Summary
The application of loudness level to temporally varying sounds was examined using sounds of musical performance. The mean energy level of 1/3 octave band was used for averaging temporally variation. The loudness was judged using magnitude estimation. It was found that both LLz and LLm show good correlation with loudness judgment. This suggests that energy based averaging is a good method in order to apply loudness level to temporally varying sounds with line spectra as well as the sounds with broad band frequency components. 
